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(57)Abstract: 

PURPOSE: To secure a current passage which does not pass through crystal 
defects in an element by dividing the crystal defects so that a difference can be 
obtained in vertical distance. 

CONSTITUTION: Crystal defects 3 1 are formed at an He2+ dosing amount 
of 1 x 101 2atoms.cm-2 and acceleration energy of 24MeV by using an 
aluminum plate having a thickness of 285μm at its thicker part and 
243μm at its thinner part. As a results, crystal defects 3 1 having widths of 
3μm are formed in an element at distances 34μm and 70μm, 
respectively, from the interface of a P-N junction and a layer 32 having a 
shorter life time is formed from the interface of the P-N junction. Since the 
layer 32 can exercise its effect at this position, the leak currents can be 
reduced and a current passage which does not pass through the crystal defects 
can be secured in the element. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** snows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to the high-speed switching semiconductor device which has a semiconductor 

device, its manufacture technique, especially a low life-time layer, and its manufacture technique. 

[0002] 

[Description of the Prior Art] In the semiconductor devices for switching, such as diode, disappearance of the superfluous - - 
minority carrier accumulated when a voltage was changed from the forward direction to an opposite direction and a voltage was 
the forward direction takes fixed time. Since this superfluous minority carrier has been the failure of improvement in the speed of 
the element for switching and a minority carrier is extinguished for a short time, it is attaining shortening of the life time of a 
superfluous minority carrier by carrying out thermal diffusion of gold or the platinum, shortening a life time, or irradiating an 
electron ray and a neutron beam, forming a crystal defect into a device, and making it act as a recombination center etc. 
[0003] This technique is reported to the publication-number 252078 [ four to ] official report by this invention persons. Since the 
lattice defect of a high-level density arises near [ this ] a halt position in case a proton stops in a semiconductor substrate, this 
technique uses this as a low life-time layer, makes the crystal defect for forming a low life-time layer in the specific fraction in an 
element localize, and is formed. 

[0004] Moreover, while the localization of the crystal defect with narrower width of face is made possible, the technique in which 
both an on resistance and a switching speed improve compared with the conventional proton irradiation, an electron beam 
irradiation, etc. is reported to the publication-number 102161 [ five to ] official report by this invention persons after 
charged-particle irradiation according to the elevated temperature and the process which does not need prolonged heat treatment. 
Instead of this technique irradiating the proton used conventionally, it irradiates helium ion 3 helium2+, and can form the crystal 
defect of a high-level density compared with irradiation of a proton. 

[0005] However, also in formation of the low life-time layer of ******, the crystal defect is formed in the parallel orientation 
unitary to the substrate side of an element. Therefore, the current way of the current which flows from one electrode in an element 
to the electrode of another side will be interrupted, and a crystal defect and a low life-time layer will exists For this reason, the 
current which flows between the substrates of an element will always pass the fraction in which the crystal defect is formed. When 
a crystal defect is considered as a current way, since the resistance is high, the on resistance of an element will go up. Since the 
current which flows between substrates will always flow the inside of a crystal defect when being formed in the interior of an 
element unitary, though the formation position of the crystal defect for forming a metaphor and a low life-time layer is changed, an 
on resistance will go up. 

[0006] Moreover, when a crystal defect is formed near the PN junction and a reverse bias is impressed to an element, the 
depletion layer which spreads from a PN junction spreads also in the field of a crystal defect, and the big electric field serve as 
such a thing also in a crystal defect. If the electric field are built over this crystal defect, this crystal defect will take the 
generation-of-carriers lead, and it will become the cause which a leakage current increases at the time of a reverse bias. If a 
crystal defect is kept away from a PN junction and formed in order to prevent this, within the distance which a minority carrier 
diffuses, this cannot be captured, but a switching speed will fall, and the effect which forms a low Life-time layer will be lost. 
Thus, in order to have determined the formation position of a crystal defect, there is no clear index and the experiential numeric 
value deterrnined. 
[0007] 

[Problem(s) to be Solved by the Invention] As mentioned above, since deer decision of the trouble where an on resistance goes up 
since the crystal defect for forming a low life-time layer in formation of the conventional low life-time layer interrupts the current 
way of an element and is formed, and the formation position of a low life-time layer had not been carried out by the experiential 
numeric value [ be / no clear index ], it was difficult to form a crystal defect in the optimum position. 

[0008] In order to solve the above-mentioned trouble in this invention, the crystal defect for forming a low life-time layer forms so 
that the current way of the current which flows between the substrates of an element may not be interrupted, and aims at 
decreasing an on resistance rather than what was manufactured by the conventional manufacture technique. Moreover, formation 
of a crystal defect does not depend the formation position on an experiential numeric value, but considers it from the theoretic 
field, and it aims at forming the crystal defect for a certain index being shown and this forming a low life-time layer. 
[0009] 
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[Means for Solving the Problem] In order to attain the above-mentioned purpose, a crystal defect is divided into this invention at 
some, and a current way does not pass through the inside of a crystal defect by giving a difference and forming each formation 
position to lengthwise [ of an element ], and it is secured, and prevents the on resistance of an element going up. Moreover, in 
order that the formation position of this crystal defect may suppress the recombination current generated by pouring in a minority 
carrier into a low life-time layer, it takes in the idea of the diffusion length of a minority carrier which is distance until a minority 
carrier spreads and disappears, forms a crystal defect in the position within the diffusion length of a minority carrier from the 
interface of a PN junction, captures a minority carrier in the life time, and reduces enhancement and a leakage current for a 
switching speed. 
[0010] 

[Function] According to this invention, a crystal defect is divided, and since the current way which does not pass a crystal defect 
in an element by giving and forming a difference in a lengthwise distance is secured, the on resistance of an element is reduced. 
Moreover, the enhancement in a switching speed and a reduction of a leakage current are realizable by a minority carrier's 
diffusion-lengm-detaching a crystal defect, and forrning it from a PN-junction interface. 
[0011] 

[Example] The example of this invention is explained with reference to a drawing. As first shown in drawing 1 (a), the N type 
silicon semiconductor substrate 1 1 is prepared. According to 400 micrometers in 50ohms m of specific resistances, and thickness, 
and the measurement result of the photoluminescence method in this semiconductor substrate 1 1 , the diffusion length of a 
. . minority carrier is about 70 micrometers. On this semiconductor substrate 1 1 front face, the silicon oxide 1 2 of 1 000 A of 
thicknesss is formed by C VD. Next, a photoresist is formed on this silicon oxide 1 2, and the resist mask 1 3 for pouring in an 
impurity is formed by carrying out patterning of this. 

[00 1 2] Then, as shown in drawing 1 (b), in order to form a P type impurity range in the semiconductor substrate 1 1 , B is poured 
in by acceleration energy 70keV, and dose lxl015atoms and cm-2. Next, annealing of 1 1 50 degrees C and 4 hours is performed, 
and the poured-in impurity is activated. Consequently, the P type impurity range 21 formed from B is formed from the front face 
of the semiconductor substrate 1 1 to a field with a depth of 10 micrometers. Next, a photoresist is exfoliated, aluminum layer of 1 
micrometer of thicknesss is formed on oxide-film 12 front face, and a surface electrode 22 is formed by etching this. Next, 
aluminum layer of 9000 A of thicknesss is formed also at the rear face of the semiconductor substrate 1 1 , and the rear-face 
electrode 23 is formed in it. 

[00 1 3] Then, a crystal defect is formed in order to form a low life-time layer in an element. A crystal defect forms the current way 
which a crystal defect does not interrupt by dividing into three what was conventionally formed unitary in parallel to the electrode, 
and giving a difference from an electrode to distance so that the current way in an element may not be interrupted by the crystal 
defect. Moreover, the formation position of this crystal defect forms a crystal defect within the diffusion length of a minority 
carrier whose minority carrier diffused from a PN-junction interface is distance until it disappears, in order to suppress the 
recombination current generated by pouring in a minority carrier into a low life-time layer. 

[0014] Therefore, as shown in drawing 1 (c), formation of the crystal defect 31 for forming the low life-time layer 32 performs 
irradiation of 3 helium2+ through the metal plate 33 which has a difference in a thickness, irradiation energy is changed with this 
metafplate, and the formation position of a crystal defect ischanged. From the center ofa crystal defect 3 1 , the .low- life-time layer - 
32 has the width of face of 70 micrometers in the vertical orientation, respectively, and is formed in it. Therefore, in order to form 
the low life-time layer 32 without an opening in an element, a crystal defect 3 1 is the orientation of up-and-down, and if a 
maximum of 140 micrometers is detached and it forms, it can acquire a fixed effect. However, it is necessary to form a crystal 
defect 3 1 in the domain of less than 70 micrometers which is the diffusion length of a minority carrier from a PN-junction 
interface for the above-mentioned ground. Moreover, a crystal defect 3 1 is divided, and it forms so that it may have a difference in 
distance from semiconductor substrate 1 1 front face by each crystal defect 3 1 so that a crystal defect may not interrupt a current 
way. 

[001 5] Therefore, in this example, ** size, it is separated, the center of formation of a crystal defect 3 1 is the closest than a 
PN-junction interface to 70 micrometers and a PN junction, and the center forms it as 34 micrometers from a PN-junction 
interface. The effect of a low life-time layer is a most expectable position, and the above position is considered as the optimum 
position for realizing reduction of a leakage current, and enhancement in a switching speed. 

[0016] The cross section explaining the formation position of this crystal defect 3 1 and the low life-time layer 32 is shown in 
drawing 2 (a). In an element, a main position is formed in the position which 34 micrometers of 70 micrometers of the distance 
from a PN-junction interface left [ the crystal defect 3 1 ] by the width of face of 3 micrometers, respectively, and the low life-time 
layer 32 is formed from a PN-junction interface so that it may illustrate. 

[00 1 7] Moreover, in order to form a crystal defect 3 1 in a desired position, it is necessary to determine the thickness of a metal 
plate 33, a dimension and the dose of 3 helium2+, and acceleration energy. In the case of this example, it carries out by dose 
lxl012atoms and cm-2, and acceleration energy 24MeV. Moreover, as shown in drawing 2 (b), a thickness performs the 
thickness ofa metal plate 33 in the fraction with thin 285 micrometers and thickness by the thick fraction using 243 -micrometer 
aluminum plate. 

[00 1 8] In order to form a crystal defect, it can carry out also by the proton. In this case, it carries out by dose 7x101 2atoms and 
cm-2, and acceleration energy 4.5MeV. Moreover, as shown in drawing 2 (c), a thickness performs the thickness of a metal plate 
in the fraction with thin 125 micrometers and thickness by the thick fraction using 96-micrometer aluminum plate. Although the 
width of face of a crystal defect made by irradiation of a proton is 1 5 micrometers and it is difficult to make it localize and to form 
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compared with the width of face in 3 helium2+, a certain amount of effect is expectable. 

[0019] although the example of 3 helium2+ was shown in the above-mentioned example ~ in addition to this — H+, 2D+, 
4helium2+, e-, Pt+, and Au+ It can carry out also by each ion. according to these ion - the width of face of a crystal defect -- to 
some extent -- until -- since you can make it shortened and the concentration can be made into a high level, therefore, formation of 
an efficient low life-time layer is attained 

[0020] Moreover, others, Si, and Si02 Also with each matter, the acceleration energy of irradiation grain can be changed and can 
be carried out. [ metal plate / by aluminum plate ] It is also possible to form a crystal defect by irradiating ion partially 
furthermore not using these matter, and changing the irradiation position, acceleration energy, and a dose. 
[0021] Then, the property view of a switching speed and ON state voltage showing the effect of the example of this invention is 
shown in drawing 3 . ON state voltage shall be an on resistance and a proportionality here. The property by the conventional 
structure in drawing is a property which is the diffusion length of a minority carrier about the center position from a PN-junction 
interface in a crystal defect when 70 micrometers is detached, it forms and this crystal defect is formed unitary in parallel to the 
electrode of an element. The property in this example is turning around a switching speed and ON state voltage (on resistance) the 
top from the conventional thing, and it turns out that the property is improved sharply so that it may illustrate. 
[0022] The purpose of this invention is forming a crystal defect in the domain within reservation of the current way which is not 
interrupted by the crystal defect formed in an element, and the diffusion length of a minority carrier, and forming a low life-time 
layer, the formation position of a crystal defect divides still finely the crystal defect other than the above-mentioned example, the 
. .formation position is formed by turns, or this example has the gestalt of detaching a central crystal defect most and forming it from - - 
a PN-junction interface, conversely. The cross section for explaining these is shown in (c) from drawing 4 (a). 41 in drawing is a 
crystal defect and 42 is a low life-time layer. An effect of the same grade can be acquired also according to the gestalt of these 

[0023] 

[Effect of the Invention] Since the current way which does not pass a crystal defect in an element is secured according to this 
invention, the on resistance of an element is reduced. Moreover, by a minority carrier's diffusion-length-detaching a crystal defect, 
and forming it from a PN-junction interface, the enhancement in a switching speed and a reduction of a leakage current can be 
realized, and enhancement in the property of the further element can be realized. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the semiconductor device characterized by dividing the aforementioned crystal defect into the plurality in the first 
electrode connected to the field of the first conductivity type formed in the semiconductor substrate, and the second conductivity 
type, and the field of the first aforementioned conductivity type, the second electrode connected to the field of the second 
aforementioned conductivity type, and the semiconductor device which has a crystal defect in the aforementioned semiconductor 
substrate. 

[Claim 2] For the crystal defect divided into the aforementioned plurality in the semiconductor device according to claim 1 , the 
minority carrier of the interface of the field of the first aforementioned conductivity type and the field of the second 
aforementioned conductivity type to the aforementioned semiconductor substrate is the semiconductor device characterized by 
having a center in within the limits to the distant position diffusion length. 

[Claim 3] The crystal defect divided into the aforementioned plurality in the semiconductor device according to claim 1 is a 
semiconductor device characterized by having a level difference substantially that there is no clearance in parallel orientation with 
the interface of the field of the first aforementioned conductivity type in the aforementioned semiconductor substrate, and the field 
of the second aforementioned conductivity type, and being formed. 

[Claim 4] The semiconductor device characterized by having the aforementioned first and second inter-electrode principal-current 
paths in a semiconductor device according to claim 1 to the field between the crystal defects by which the split was carried out 
aforementioned ]. 

[Claim 5] The distance between the centers of the crystal defect divided into the aforementioned plurality in the semiconductor 
device according to claim 1 is a semiconductor device characterized by being the distance within 2 double [ of the diffusion length 
of the minority carrier of the aforementioned semiconductor substrate ]. 

[Claim 6] Setting to the claim 1 or the semiconductor device of a publication, the aforementioned crystal defect is H+, 2 D+, 3 
helium2+, 4 helium2+, e-, Pt+, and Au+. Semiconductor device characterized by being formed by irradiating the ion of ****** 
inside. 

[Claim 7] The manufacture technique of the semiconductor device characterized by having the process which forms two or more 
crystal defects in the process which forms the field of the second conductivity type in the predetermined field of the semiconductor 
substrate of the first conductivity type, and the semiconductor substrate of the first aforementioned conductivity type so that a 
center may exist in within the limits to the position which the minority carrier of the interface of the field of the second 
aforementioned conductivity type to the semiconductor substrate of the first aforementioned conductivity type and the 
aforementioned semiconductor substrate left diffusion length. 

[Claim 8] It is the manufacture technique of the semiconductor device characterized by forming the distance between the centers 
of two or more aforementioned crystal defects in the manufacture technique of a semiconductor device according to claim 7 in the 
distance within 2 double [ of the diffusion length of the minority carrier of the aforementioned semiconductor substrate ]. 
[Claim 9] It is the semiconductor device characterized by for two or more aforementioned crystal defects having a level difference 
in the manufacture technique of a semiconductor device according to claim 7 that there is no clearance in orientation parallel to 
the interface of the semiconductor substrate of the first aforementioned conductivity type in the aforementioned semiconductor 
substrate, and the field of the second aforementioned conductivity type, and being formed. 

[Claim 10] The process which forms two or more aforementioned crystal defects in the manufacture technique of a semiconductor 
device according to claim 7 is the manufacture technique of the semiconductor device characterized by carrying out by changing 
the irradiation energy of predetermined ion. 

[Claim 1 1] A means to change the aforementioned irradiation energy in the manufacture technique of a semiconductor device 
according to claim 10 is the manufacture technique of the semiconductor device characterized by carrying out by making the 
predetermined matter intervene between the source of irradiation of the aforementioned predetermined ion, and the 
aforementioned semiconductor substrate. 

[Claim 12] A means to change the aforementioned irradiation energy in the manufacture technique of a semiconductor device 
according to claim 10 is the manufacture technique of the semiconductor device characterized by carrying out by changing the 
thickness of the aforementioned predetermined matter. 

[Claim 1 3] The predetermined matter with which the aforementioned thickness is different in the manufacture technique of a 
semiconductor device according to claim 12 is aluminum, Si, and Si02. The manufacture technique of the semiconductor device 
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characterized by carrying out inside using the matter of ******. 
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DOCUMENT- IDENTIFIER: JP 07297414 A 

TITLE: SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 



FPAR: 

PURPOSE: To secure a current passage which does not pass through 
crystal 

defects in an element by dividing the crystal defects so that a 
difference can 

be obtained in vertical distance. 
FPAR: 

CONSTITUTION: Crystal defects 31 are formed at an He<SP>2+</SP> 
dosing amount 

of l×10<SP>12</SP>atoms.cm<SP>-2</SP> and acceleration 
energy of 24MeV by 

using an aluminum plate having a thickness of 285μm at its 
thicker part and 

243μm at its thinner part. As a results, crystal defects 31 
having widths 

of 3μm are formed in an element at distances 34μm and 
70μm, 

respectively, from the interface of a P-N junction and a layer 32 
having a 

shorter life time is formed from the interface of the P-N 
junction. Since the 

layer 32 can exercise its effect at this position, the leak 
currents can be 

reduced and a current passage which does not pass through the 
crystal defects 

can be secured in the element. 
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